Blood-brain barrier (BBB) alterations fol lowing acute hypertension were studied in rats, em ploying as tracers in each animal both horseradish perox idase (HRP) (MW 40, 000) and [14CJa-aminoisobutyric acid ([l4CJAIB) (MW 104). Eighteen animals were sub
jected to acute hypertension induced by the intravenous infusion of norepinephrine bitartrate (NE) (Levophed). Five animals injected with both tracers but not infused with NE served as controls. The brain of each animal was serially sectioned with adjacent sections processed either for macroautoradiography or for light microscopic visualization of HRP reaction product via histochemical reaction with tetramethylbenzidine. Quantitative blood to-brain transfer constants for AIB were determined in each of 14 brain regions. Qualitative comparisons were also made between the AIB and HRP blood-to-brain ex travasation patterns in each group. Acute hypertension increased cerebrovascular permeability to both AIB and
The effects of acute hypertension on blood-brain barrier (BBB) function have been the focus of nu merous studies. Abrupt increases in systemic and/ or intracarotid blood pressure (BP) have been shown in rats to result in transient, focal BBB alter ations, principally within the cerebral cortices and diencephalon (Johansson, 1974; Johansson and Nilsson, 1977) . Traditionally, the identification of permeability changes following acute hypertension has been accomplished solely through the use of HRP in most animals. To pographically, the sites of the most highly elevated AIB transfer corresponded with sites of HRP extravasation. Conversely, all sites of pro tein passage corresponded spatially to sites of elevated AlB transfer. Brain regions commonly showing increased permeability to both tracers included the cerebral cor tices, corpus callosum, and thalamus. Importantly, some brain regions showed elevated AlB transfer constants where protein extravasation was absent. These regions included the caudate-putamen, hippocampus, basal fore brain, and cerebellum. These observations suggest that following acute hypertension, alterations in BBB perme ability are not limited to vascular segments allowing pro tein extravasation. Key Words: Acute hypertension-a Aminoisobutyric acid-Blood -brain barrier-Horse radish peroxidase-Regional quantitative autoradi ography.
large molecular weight intravascular tracers such as vital dyes bound to serum albumin (MW 70,000) and horseradish peroxidase (HRP) (MW 40,000). Recently, however, a BBB tracer technique has been developed that employs a small molecular weight radiolabeled amino acid, [14C]a-aminoisobu tyric acid ([14C]AIB) (MW 104), which allows the precise localization and quantitative expression of barrier changes (Blasberg et al. , 1978) . AIB is only minimally transported across normal cerebral mi crovessels, but has been shown to cross more rap idly under certain pathological conditions (Blasberg et al. , 1981; Gross et al. , 1982; Tyson et al. , 1982; Picozzi et al. , 1985) . We conducted the present study to explore the possibility that this synthetic small neutral amino acid tracer might reveal post hypertension barrier alterations undetected through the use of large molecular weight tracers. We also employed HRP as a BBB tracer in the same an imals to examine the potential similarities and/or discrepancies between barrier changes revealed by AlB and those revealed by large molecular weight tracers traditionally employed in morphological studies. The purpose of this approach was not to equate quantitative with qualitative data, but to compare the posthypertension topographical distri butions of AlB and HRP extravasation sites. We thought such a study would be of particular interest to morphopathologists who frequently assess pro tein permeability changes without available data on how such permeability alterations relate to other possibly more subtle forms of cerebromicro vascular permeability change.
An additional aim of the study was to employ quantitative measures of barrier permeability to AlB in determining which physiologic parameter(s) of the hypertensive insult is most highly related to posthypertension permeability increases.
MATERIALS AND METHODS

Animal preparation
Tw enty-three adult male Sprague-Dawley rats, 250-400 g, were anesthetized with pentobarbital (50 mg/kg body weight i.p.). Following tracheostomy and bi lateral cannulation of the femoral arteries and veins, each animal was paralyzed with tubocurarine (8 U i.p.) and mechanically ventilated on a 70% N20/30% O2 gas mix ture. Lidocaine 1% was employed to infiltrate all surgical wounds. Femoral arterial BP was measured throughout the experiment with a Statham P23 ID pressure trans ducer. Prior to isotope injection, arterial blood samples were drawn periodically for the measurement of arterial blood gases and pH. Body temperature was maintained at 37°C with an external heat lamp.
Tracer administration and induction of acute hypertension
All animals were injected intravenously with both HRP and [14C]AIB for the visualization and/or quantification of BBB alterations. Eighteen of the 23 rats were subjected to acute hypertension. In all 18 of these animals, [l4C]AIB (75 f.LCi, 40-60 mCi/mM; New England Nu clear) in 0.1 ml normal saline was injected intravenously upon reaching the peak BP level attained through the sys temic infusion of norepinephrine (NE) (see below). Prior to HRP injection, animals were pretreated with the anti histamine diphenhydramine hydrochloride (Benadryl; 5 mg i.m.) for the prevention of any potential allergic re sponses to HRP (Cotran and Karnovsky, 1967) . Twenty minutes following Benadryl pretreatment, HRP (Sigma type VI; 100 mg/kg), dissolved in 0.2 ml normal saline, was slowly injected via a femoral venous cannula. In 13 of the 18 hypertensive animals, a 15-min interval was al lowed to lapse between HRP administration and induc tion of acute hypertension to ensure that no anaphylactic reaction to HRP would compromise the experiment. Be cause such a reaction was not observed in any of the 13 animals, the remaining 5 experimental animals were in jected with both HRP and [14C]AIB upon reaching the peak BP level following hypertension induction. This was done to obviate the concern that differences in tracer cir culation times might contribute to potential differences in AIB/HRP extravasation patterns. Two control animals, in which hypertension was not induced, received the two tracers simultaneously, while three others received [14C]AIB 15 min following HRP administration.
Acute hypertension was induced in the experimental animals by intravenous infusion of norepinephrine bitar trate (Levophed) in normal saline. By means of a Har vard infusion pump, some animals (n = 12) were infused with NE (10 f.Lg/ml saline) for 30 s at a rate of 2.29 mllmin and then at a rate of 0.229 mllmin until the hypertension subsided in spite of continued NE infusion. Other an imals (n = 6) were infused in the same manner but at a higher NE dosage level (16 f.Lg/ml saline). Immediately prior to the hypertensive insult, all animals were injected with 0.1 ml ATP (5 mg/ml saline i. v.), a potent vasodi lator, in order that the insult exert a maximal effect on the intraparenchymal vasculature (Johansson, 1974) . NE in fusion was initiated when the systemic BP level dropped to �50 mm Hg following ATP injection. Three control animals were neither vasodilated with ATP nor infused with NE. The remaining two control animals were vaso dilated but not infused with NE.
From all animals immediately following [14C]AIB injec tion, timed arterial blood samples (0.1 mllsample) were drawn at 0.25,0.5,0.75, I, 1.5,2,2.5,3,4,5,7, 10, 15, 20 , and 25 min. Samples were rapidly centrifuged and 20 f.Ll of plasma was pipe ted from each sample into counting vials.
Brain tissue processing
At the end of the 25-min sampling period, each animal was decapitated. Brains were rapidly removed, blocked into two midsagittal sections, frozen in isopentane at -40°C, and serially sectioned (20-f.Lm sections) in a cryo microtome at -20°e. Brain sections taken at 200-f.Lm in tervals were prepared for macroautoradiography in a manner similar to that described by Reivich et al. (1969) . The cut sections were rapidly dried, mounted on pressed cardboard, and placed in cassettes with Kodak SB-5 x-ray film and with seven [14C]methylmethacrylate stan dards (24-730 nCi/g; Amersham Corporation) previously calibrated in our laboratory to reference 20-f.Lm-thick brain sections of known radioactivity (see Reivich et aI., 1969) . Following 8 days of film exposure to the tissue sections and 14C-standards, the film was developed and analyzed through computerized densitometry and color coding of the 14C-autoradiographs, employing a system similar to that described by Goochee et a1. (1980) .
To visualize HRP reaction product in brain sections adjacent to those processed for [14C]AIB visualization, a freeze substitution technique was employed (Chang and Hori, 1961) . Such an approach was used based on pilot studies that demonstrated that traditional fixation methods did not allow simultaneous peroxidasel AlB comparisons. According to the freeze substitution pro tocol, frozen brain sections (20 f.Lm), cut adjacent to those processed for macroautoradiography, were each placed in a polyethylene vial of anhydrous acetone cooled to -70°C. The vials containing brain sections submerged in chilled acetone were then stored in a freezer at -70°C for 36-48 h. The brain sections were subsequently floated, in chilled acetone (-70°C), onto coverslips that then were dipped into a I % celloidin solution at -70°C and allowed to air dry for 36-48 h. Next, these sections were transferred to tetramethylbenzidine buffer rinse and reacted with tetramethylbenzidine for the visualization of HRP extravasation (Mesulam, 1978) . Mounted sections were then stained with neutral red, dehydrated in al cohols, and mounted with Permount on glass slides fol lowing two changes in xylene. Through this approach, it was possible to observe in adjacent sections from the same frozen brain both the pattern of [14CJAIB blood-to brain extravasation and that of HRP.
Measurement of blood-to-brain AIB transfer constant
Unidirectional blood-to-brain transfer constants (K)
for AlB were measured in 14 brain regions in 21 rats of the 23 rats employed (see below). The calculation of these transfer constants, in each locus analyzed, was per formed according to the following equation developed by Ohno et al. (1978) : where C;( n is the tissue concentration of the tracer at the end of the experiment (nCi/g), T is the duration of the experiment (min), and Cp is the arterial plasma concen tration of the tracer (nCi/ml). Tissue tracer concentration in each brain locus was determined through densito metric film analysis (Goochee et aI., 1980) . For each an imal, the integral of the arterial plasma tracer concentra tion during the experimental time period was calculated from the [14C]AIB concentrations measured in the time arterial samples drawn following AlB injection. From each centrifuged sample, 20 fLl of plasma was pipeted into a counting vial containing 10 ml of Beckman high perfor mance scintillation fluor. 14C counting was performed by a Beckman LS 355 beta spectrometer. Individual sample quenching was monitored by the external standard method, and sample counts were corrected for back ground and quenching.
To quantitatively assess regional changes in AlB transfer constants following hypertension, regional Kj values were determined as follows. From each animal, color-enhanced autoradiographic images of seven sagittal brain sections, taken at 1,000-fLm intervals, were selected for study. In each autoradio graph, AlB transfer constants were determined in as many as 14 anatomically defined brain regions. Brain re gions were identified in each section, not on the basis of cytoarchitectural criteria but with reference to select ana tomical parameters (i.e., ventricular size and geometry, cerebral and brainstem configuration, and cranial nerve localization). Such identification was accomplished with the aid of a stereotaxic rat brain atlas (Paxinos and Watson, 1982) . Each region was then outlined on the color-enhanced autoradiographic image using a com puter-controlled cursor-outlining routine on the video monitor (see Goochee et aI., 1980) . The mean Kj values of all measurements within the outlined area of the auto radiograph were then determined by the computer (Goo chee et aI., 1980). Mean Kj values were then averaged in each animal for each region.
Grouping of animals for statistical analysis
For the statistical analysis of regional AlB blood-to-brain transfer data, animals were divided into three groups. The 12 animals infused at the lower NE dosage level comprised Hypertension Group I. The six animals infused at the higher NE dosage level comprised Hyper tension Group 2. For qualitative comparisons of HRP/ AlB posthypertension extravasation patterns, all six Group 2 animals were employed. For quantitative Kj de terminations, however, two of the six animals were not suitable owing to arterial sampling problems. The re maining four Group 2 animals were therefore employed for quantitative analysis of AlB blood-to-brain transfer.
The third group comprised the five animals not infused with NE.
Regional Kj values from each animal, determined ac cording to the method described above, were averaged within each animal group, yielding regional mean Kj values.
Statistical analysis
AlB transfer constants for 14 brain regions were grouped as described in the section above. An Aspin Welch test for unpaired data was used to evaluate signifi cant differences in regional AlB transfer constants be tween each of the two NE-infused groups and the control group.
Aspin-Welch tests were also applied to the BP data displayed in Ta ble I to identify any parameter(s) of the hypertensive insult that differed significantly in one group as compared with each of the other two groups. Additionally, a stepwise mUltiple regression analysis was performed in an attempt to determine which single BP parameter or combination of parameters (Table 1) constants were employed because cerebrovascular per meability appeared to be most reliably and dramatically increased within the cerebral cortices following hyper tension.
Comparison of HRP and AlB extravasation patterns
To assess the degree of correlation between the topo graphical distributions of HRP and AlB extravasation sites, numerous pairs of adjacent brain sections were compared for each animal. Freeze-substituted brain sec tions, mounted on histological slides as described in Brain Tissue Processing were photographed (Figs. 3 and 4) . Autoradiographic images of sections adjacent to the freeze-substituted brain sections were identified, scanned, color enhanced, and photographed with asso ciated color bars and Kj values ( Figs. 3 and 4 ). In such a way, numerous pairs of photographs were obtained, making possible detailed comparisons of tracer extrava sation patterns.
RESULTS
Physiological variables
Prior to induction of acute hypertension, arterial blood gas and pH values were within normal limits in all animal groups. Figure 1 illustrates the typical cardiovascular re- sponse to ATP and subsequent NE infusion. The tracing demonstrates the drop in MABP to � 35 mm Hg following ATP infusion as well as the abrupt and sustained hypertensive insult resulting from NE in fusion. In this animal, both tracers were adminis tered intravenously when the peak MABP was reached. The NE infusion was discontinued only after the BP began to drop spontaneously. From such BP tracings, recorded in all experimental an imals, cardiovascular data were collected for fur ther analysis. Examinations of Group I BP data revealed that animals in this group demonstrated two manners of cardiovascular response to NE infusion. Seven of the 12 animals demonstrated a mean BP elevation of 160 mm Hg within a mean of 42 s, whereas 5 animals demonstrated lower BP elevations and less abrupt insults (1 20 mm Hg within 52 s). Addition ally, the same five animals showed a transient BP drop subsequent to attaining peak pressure (Fig. 2) . On the basis of the cardiovascular data, Group I was therefore subdivided, prior to subsequent data analysis, into Groups lA and lB. Group IA an imals, infused at the lower NE dosage level, showed the more abrupt and elevated hypertensive response, whereas Group IB animals, also infused at the lower dosage level, showed the more gradual, less elevated, and more briefly sustained response to NE.
Statistical analysis (Aspin-Welch test for un paired data) of the tabular data in Table 1 , graphi cally expressed in Fig. 2 , revealed that the MABP levels attained following NE infusion were signifi cantly higher in Groups lA and 2 than in Group IB (p < 0.05). The onset of the hypertensive insult was significantly more abrupt in Group 2 than in Group 1 B (p < 0.05). Additionally, the rate of BP increase (mm Hg/s) was significantly different in each group as compared with each of the other two groups. There were no statistically significant differences in MABP across groups following ATP injection, nor were there differences in insult duration. Notable in Fig. 2 , although not revealed in the data in Ta ble I, is the immediate drop in MABP in Group IB, oc curring concomitantly with intravenous tracer ad ministration. Although administered at comparable times in the two other experimental groups, tracer injection did not, in those groups, cause dramatic changes in MABP.
Blood-to-brain transfer constants
The Ki values for various brain regions in control animals (Table 2) are consistent with those de scribed by others (Blasberg et aI. , 1980; Gross et aI. , 1982; Tyson et aI. , 1982) . Kj values for those loci in which the BBB is not normally present (choroid plexus and hypothalamus) and for the lep tomeninges were, as expected, higher than those observed throughout the remainder of the brain pa renchyma (Blasberg et aI. , 1983a) . Additionally, in the control group, no differences were observed be- tween the transfer constant data obtained from the three animals having received neither ATP nor NE and those obtained from the two animals that had received ATP without NE.
Regional Kj values from the five animals in Group I B, infused with NE at the lower dosage level, did not differ from those in the control group (Table 2) . However, ALB transfer constants mea sured in the seven animals of Group lA, also in fused at the lower NE dosage level, were signifi- Values are means ± SEM (in parentheses) expressed as ml/g/ min x 10-3.
Significance determined using the Aspin-Welch test for unpaired data: "p < 0.05 as compared with control.
cantly elevated in several brain regions (Table 2) . These regions included the corpus callosum and the frontal, frontoparietal, occipital, and retrosplenial cortices. Although not significantly higher statisti cally, Kj values in Group 1A for the thalamus and cerebellum tended to be elevated above control levels (Table 2) . Similar to the animals in Group lA, the four an imals in Group 2, infused at the higher NE dosage level, demonstrated significantly increased AIB blood-to-brain transfer within the cerebral cortices when compared with controls (Table 2) . Kj values were also significantly elevated within the cau date-putamen, corpus callosum, thalamus, hippo campus, cerebellum, and hypothalamus (Table 2) . Additionally, mean transfer constants in Group 2 tended to be elevated above control levels within the basal forebrain and brainstem. Kj values in Group 2 did not differ significantly from those in Group IA.
Results of the multiple regression analysis re vealed that the single BP parameter most highly re lated to mKj was the rate of BP rise [(peak MABP -MABP after ATP )ltime to peak] (Table I) , ex plaining 51% of the variation in mKj across animals. The higher the rate of rise, the higher was the mKj• The parameter estimate for the rate of rise was 2.86 (t = 3.83, p = 0.001). The combination of two or more BP parameters that best explains variation in mKj across animals was the three-parameter combi nation of resting MABP, MABP after ATP, and time to peak (Table I) . Considered together in each an imal, these three parameters accounted for 81 % of the variation in mKj across animals. The parameter estimate for resting MABP was 0.08 (t = 1.8, p = 0.09), for MABP after ATP 0.31 (t = 1.8, p = 0.05), and for time to peak -0.38 (t = 4.9, p = 0.0003).
Posthypertension peroxidase distribution and its relation to that of AIB Control brain sections processed by freeze sub-----� stitution showed no HRP reaction with the excep tion of that confined intravascularly. Group lA and Group 2 freeze-substituted brain sections demonstrated focal sites of permeability increase to peroxidase within the cerebral cortices, corpus callosum, and thalamus. Occasionally, ex travasation sites were observed within the mesencephalon, pons, medulla, and cerebellum. In contrast to Group lA animals, Group 2 animals demonstrated more numerous cerebellar protein extravasation sites. Uncommon, but occasionally HRP reaction product visible within the cerebellum and brainstem represents intravas cular rather than extravasated tracer. b: Corresponding color enhanced auto radiograph de picting regional transfer con stant values of a-aminoisobu tyric acid (AlB). Note that auto radiograph shows the most highly elevated AlB uptake in those brain regions, listed above, where HRP passage was also observed. Additionally, more subtle yet significant ele vations in AlB passage can be observed in regions lacking ex travasated HRP. Such regions include the caudate-putamen, the hippocampus, and the cere bellum. xS. noted in both groups, were focal HRP extravasa tion sites within the caudate-putamen, hippo campus, and basal forebrain. Such sites were ob served with a higher frequency in Group 2 animals. Group I B freeze-substituted brain sections showed no HRP extravasation sites.
Comparisons of the patterns of AlB/HRP tracer distribution in adjacent brain sections in Group lA and 2 demonstrated a high degree of spatial correla tion between the post hypertension intraparen chymal distribution of AlB and that of HRP ( Fig.  FIG. 4 . Adjacent sagittal brain sections from control rat. a: Macroscopic histological sec tion processed by freeze substi tution and reacted with tetra methylbenzidine. No horse radish peroxidase distribution is visible except for that re maining within vessels fol lowing decapitation. b: Corre sponding color-enhanced au toradiograph depicting transfer constants for a-aminoisobutyric acid (AlB). No brain regions are visible that show abnormal AlB uptake. x 5.
3). Where the blood-to-brain passage of HRP was demonstrated, elevated transfer constants for AlB were consistently observed (12 < K j < 18 ml/g/min x 10-3). In no case was HRP passage observed without concomitant AlB uptake above normal levels. Brain regions consistently demonstrating extravasation of both tracers included the cerebral cortices, corpus callosum, and thalamus. Impor tantly, however, in every Group IA and Group 2 animal, a number of brain section pairs also re vealed sites of elevated AlB transfer in brain re-
gions where HRP extravasation was not observed (Fig. 3) . Such brain regions commonly included the caudate-putamen, hippocampus, basal forebrain, and cerebellum (3 < Kj < 12 ml/g/min x 10-3). Al though focal protein extravasation sites were occa sionally observed in portions of these brain regions, these were distant (>2,000 j.1m) from those where elevated AlB transfer was seen in the absence of protein extravasation. In Group 2 animals, AlB K j values tended to be higher and HRP extrav asation sites were more numerous. However, the overall regional extravasation patterns of the two tracers were similar in Groups I A and 2. Addition ally, animals injected with HRP prior to NE infu sion showed no differences with respect to the re gional distribution of either tracer from those in jected with HRP and AlB simultaneously at the peak of the insult.
DISCUSSION
The results of this study demonstrate that AlB blood-to-brain transfer constants are regionally ele vated following acute hypertension and that there is a high degree of spatial correlation between the ex travasation sites of the large molecular weight pro tein HRP and those of a small neutral amino acid. The results also show that the topographical corre lation between the two tracer extravasation pat terns is not absolute in that posthypertension AlB blood-to-brain transfer increases in some brain loci where HRP passage does not.
Many investigators have qualitatively demon strated altered BBB permeability following experi mental acute hypertension (Auer, 1977; Johansson et aI., 1970; Johansson, 1974; Nagy et aI., 1979) . The quantitative data generated in this study ex tend the qualitative observations of such investi gators who have also described the regional effects of hypertension on permeability. Statistical anal yses demonstrate that regional AlB transfer con stants following the insult are most highly and con sistently increased within the cerebral cortices (Table 2 ). Although less highly affected than the ce rebral cortical regions in Groups IA and 2, the corpus callosum, thalamus, caudate-putamen, hip pocampus, and cerebellum also showed increased permeability to the amino acid tracer. A somewhat surprising finding revealed by the quantitative data was that transfer constants, while elevated in nor mally barrier-protected regions, were also signifi cantly increased following hypertension within the hypothalamus where no BBB is present. That the regional K j values in Group IB (Table 2) were not found to exceed control levels is most likely due to the low rate of BP increase following NE infusion (Table 1) . Although the time-to-peak parameter values for Groups lA and IB were not statistically different, the time to peak in group 1 B did tend to be longer. Additionally, the peak BP reached in Group 1 B was lower than that in Group lA. This suggests the possibility that the abrupt ness of the insult onset influences the K j value only if the insult reaches a certain magnitude. Another difference among certain of the Group 1 B animals was the transient drop in BP immediately following J Cereb Blood Flo\\' Metab, Vol. 6, No.4, 1986 the onset of the insult and concomitant with tracer administration (Fig. 2) . That the intravascular me chanical force generated by the insult was not sus tained might also account for the lack of barrier al teration in these animals following NE infusion. Remaining animals in Group IB received insults that most likely were not sufficiently abrupt and/or elevated to alter permeability. The lack of barrier changes in this group also demonstrates, as have previous studies (P ov lishock et aI., 1980h) , that NE infusion alone is not sufficient to cause barrier al teration.
Not only do these data aid in determining, quan titatively, the differential regional effects of hyper tension on the BBB, but they also extend the quali tative observations of investigators who have pre viously attempted to relate physiological parameters of the hypertensive insult to the se verity of the ensuing BBB alteration (Haggendal and Johansson, 1972; Johansson and Linder, 1974; Hardebo and Nilsson, 1981) . With the aid of quan titative data, it was possible to confirm statistically the implied yet untested assumption that the degree of permeability change induced by acute hyperten sion is highly related to the insult's abrupt nature. Linear regression analysis showed that the rate of the BP increase largely contributed to the value of mK j , mK j increasing with abruptness of the insult. An additional and unanticipated outcome of the analysis was the high degree of correlation between mK j and the combination of resting MABP, MABP following ATP, and time to peak (Table 1) . The re gression indicated that animals with higher resting BP s, higher pressures following ATP injection, combined with more abrupt insults had higher mean cortical K j values. Although it is not sur prising that the time-to-peak parameter is signifi cant in explaining variation in mK j , it is interesting that, in combination with the other two parameters, its influence is amplified.
It is possible that K j values reported in this study underestimate alterations in barrier permeability to AlB immediately following the hypertensive insult. Previous studies of the effects of acute hyperten sion on cerebrovascular permeability have shown that increases in permeability to protein are re solved, for the most part, within 10 min following the insult (Johansson, 1978) . If alterations in blood to-brain AlB passage also begin to resolve before the end of the 25-min experimental period, then the presently reported K j values underestimate the "true" regional AlB transfer rates prior to barrier resolution. We do not consider this potential short coming to be a major flaw in the present study, however, as the primary focus of the investigation was to correlate patterns of permeability change re vealed by two different tracers. It is anticipated that future studies aimed at following the temporal dynamics of posthypertension permeability change to AlB will be interfaced with data obtained through the use of HRP.
In this study, the 25-min radiotracer circulation time was chosen to minimize the effect of intravas cular tracer on brain 14C activity (Ci) measured at the end of the experiment (Blasberg et aI. , 1983a; Tyson et aI. , 1982) . Studies have shown that a high concentration of intravascular tracer will result in a calculated Ki greater than the actual blood-to-brain transfer constant and that an exceedingly long ex perimental time period increases the possibility that brain-to-blood backflux of tracer will occur, re sulting in a calculated Ki less than the actual rate (Blasberg et aI. , 1983a) . The time period employed in the present study has been shown to minimize error in the calculation of Ki resulting from the con tribution of intravascular tracer (Blasberg et aI. , 1983a) . Additionally, this time period has been pro posed to strike an optimal compromise allowing both a low final intravascular tracer concentration and minimal back-diffusion of tracer from brain to blood (Tyson et aI. , 1982) .
With regard to the means by which AlB and HRP extravasate together following acute hypertension, a number of possible mechanisms may be pro posed. Although a solute's ability to cross the bar rier is normally determined by the solute's lipid sol ubility, under pathological conditions, certain membrane changes may allow blood-to-brain solute passage by other means. Numerous hypertension studies have implicated vesiculotubular transfer andlor altered interendothelial tight junctions as possible mechanisms of protein extravasation (Nagy, 1979; Povlishock et aI. , 1980a,b) . It is pos sible that in the present study, where AlB and HRP are observed to extravasate within the same brain locus, such pathological membrane changes un derlie the increased passage of both tracers. It might also be proposed that following the insult AlB extravasates in concert with HRP owing to gross endothelial membrane tearing, which would allow the indiscriminate passage of blood-borne solutes, regardless of size or chemical composition. However, no ultrastructurally visible tearing of en dothelial membranes or frank endothelial destruc tion has been observed in our laboratory following pharmacologically induced hypertension (P ovli shock et aI. , 1980a,b) .
Significantly, in this study every animal demon strating barrier change showed some elevated AlB transfer in loci where protein extravasation was ab-sent. Such increased blood-to-brain AlB passage without that of HRP suggests that a more subtle permeability change may have occurred in some microvascular segments. The phenomenon may in dicate that, in select brain loci, endothelial mem branes have been affected such that permeability is increased to only certain, perhaps smaller, blood borne solutes. It is feasible that membrane alter ations, not detectable with transmission or scan ning electron microscopy, might allow considerable permeability increases to a variety of blood-borne substances, including AlB. Recent studies of the effects of acute hypertension on pial vessels have implicated the generation of highly reactive free radicals in physiological and morphological vas cular changes, including permeability increases (Kontos et aI., 1980 (Kontos et aI., , 1981 . Since it has been pro posed that AlB diffuses across the normal BBB ac cording to its lipid solubility (Blasberg et aI. , 1983b) , it is possible that hypertension-induced free radical generation could result in the biochemical andlor structural alteration of endothelial compo nents such that certain plasma solutes, including AlB, might diffuse more readily across endothelial membranes or pass via small membrane defects.
It is a provocative observation that AlB blood to-brain transfer is elevated in brain loci where per meability to protein is not altered. The finding indi cates that, following acute hypertension, brain loci other than those showing protein extravasation are subject to cerebrovascular permeability changes. It is therefore possible that changes in brain water content or parenchymal metabolism potentially fol lowing an acute hypertensive episode may not be limited solely to brain loci revealed by traditional morphological techniques to show increased per meability to macromolecules.
